Background: Alcohol can lead to fatal and nonfatal overdose (OD) through its neurobiological inhibitory effects when used alone or with other drugs. Little research has examined alcohol OD characteristics in the context of concomitant drug use.
A LCOHOL IS THE most commonly used addictive substance in the United States (Center for Behavioral Health Statistics and Quality, 2016) and contributes to more than 88,000 deaths annually (Gonzales et al., 2014) . Consuming large amounts of alcohol in a short period of time can lead to fatal or nonfatal alcohol overdose (OD), defined here as alcohol poisoning, blacking out, and/or passing out. Every day, 6 people in the United States die of an alcohol OD (Kanny et al., 2015) . Alcohol OD occurs across a spectrum of severity. As blood alcohol content reaches a high enough concentration in the brain, areas that control memory formation shut down, resulting in blackout events (White, 2003) . At higher blood alcohol concentrations, basic life-support functions fail, resulting in loss of consciousness and impaired breathing, heart rate, temperature control, and gag reflex (National Institute on Alcohol Abuse and Alcoholism, 2015) . Research indicates alcohol ODs are increasing in the United States . For example, emergency department (ED) visits related to acute alcohol consumption increased 51.5% between 2006 and 2014 (White et al., 2018) . Likewise, drug ODs related to opioids, sedatives, cocaine, and other substances have also increased sharply over the past decade resulting in a national public health crisis Seth et al., 2018) .
Concomitant alcohol and drug use increases OD likelihood and severity (Castle et al., 2016; Day, 2014; Jones et al., 2011; White and Irvine, 1999) . Alcohol and other drugs interact through a variety of pathways, including neurobiological effects, pharmacological interactions, and crosstolerance (Hickman et al., 2008) . Alcohol use also impairs decision making, which could lead to unintended drug use and/or higher quantities of use. Central nervous system depressants, such as alcohol, opioids, and benzodiazepines, are a particularly dangerous combination, due to their additive (and potentially multiplicative) effect on neurobiological inhibition and respiratory depression (White and Irvine, 1999) . The interaction of these drugs increases respiratory depression and risk of mortality beyond what would be observed if a single drug class was used alone (Jones et al., 2011; White and Irvine, 1999) . In fact, recent increases in ED admission for alcohol-related adverse drug reactions are largely due to alcohol being consumed with other central nervous system depressants such as opioids, sedatives, and anxiolytics (Castle et al., 2016) . Alcohol and stimulant drugs, such as cocaine, have synergistic effects that can potentiate acute adverse effects of both drugs, thereby increasing OD risk (Lange and Hillis, 2001; Santos et al., 2012) . Even adverse effects of cannabis are enhanced by alcohol use, though research is limited and the pharmacokinetic interactions are poorly understood (Hartman et al., 2015) .
Despite the frequency and lethality of concomitant drug and alcohol use, alcohol is frequently overlooked in OD research and prevention efforts; thus, we sought to describe alcohol OD events in a large residential treatment sample and gain a better understanding of the role of concomitant drug use and its impact on OD outcomes to inform future OD prevention efforts. More specifically, the aims of this study were to characterize "typologies" or classes of alcohol OD based on concomitant drug use and to evaluate whether these classes were differentially associated with adverse OD outcomes such as hospital admission.
MATERIALS AND METHODS

Study Population and Recruitment Procedures
This study used cross-sectional data from patients completing screening measures for a randomized controlled trial of a prescription opioid OD prevention intervention (Clinical Trial registration #NCT02152397). Data were collected from 817 patients attending drug and alcohol residential rehabilitation in Michigan, which serves patients predominantly from the Flint, Detroit, and surrounding areas of Michigan. Patients at the residential treatment center were approached between October 2014 and January 2016, asked to provide informed consent, and self-administered questionnaires. Patients were eligible for screening if they were 18 years of age or older and able to provide informed consent. We excluded 78 participants with incomplete data and 79 participants who had never experienced an alcohol OD, with 660 participants included in analysis. The Michigan Medicine institutional review board approved all study procedures.
Measures
Alcohol OD. The Overdose Experiences, Self and Witnessed-Alcohol (OESWA) was used to assess alcohol OD. This measure was adapted from a previous study (Tracy et al., 2005) and revised to assess alcohol OD. Participants were provided with a description/ definition of alcohol OD: "The following questions are about times you drank too much alcohol. This is sometimes called 'passing out,' 'blacking out,' or 'alcohol poisoning.'" They then reported their lifetime frequency of these types of events. Participants who reported one or more alcohol OD were asked about their most recent alcohol OD event, which is summarized in this analysis. Drug OD was assessed in a separate, parallel measure. Alcohol and drug OD event characteristics were reviewed to ensure that all alcohol ODs were unique and separate events independent from drug ODs.
For the most recent alcohol OD event, participants reported the type(s) of event they experienced (i.e., "passing out," "blacking out," "alcohol poisoning," or "other") in a "choose all that apply" format. Participants reported the drugs they took with alcohol prior to their most recent alcohol OD. Drugs were presented in a checklist format. We created binary indicators for 9 drugs reported as concomitantly used with alcohol during the most recently experienced alcohol OD. We formed a single binary indicator including methamphetamines and/or prescription stimulants and excluded inhalants from further analysis due to low frequency of use.
Outcomes of the most recent alcohol OD were assessed using a checklist of options that assessed whether the participant received help from anyone after their last alcohol OD, including whether they or someone else called 911, whether they went to the emergency room (ER), and whether they were admitted to the hospital. We created 2 binary indicators for alcohol OD outcomes-1 for hospitalization (yes/no) and the second for emergency medical involvement (yes/no). Emergency medical involvement was defined as calling 911 (they or another person called) or going to the ER (in or not in an ambulance).
Pain. Participants were asked "Have you been told by a doctor that you have chronic pain?" and "In what area of your body have you felt chronic pain in the last 6 months or longer?". This question and response options were based on the Michigan Body Map (Brummett et al., 2016) . Participants were classified as having chronic pain if they met either 1 of 2 criteria: They had been told they had chronic pain by a doctor, and/or they had chronic pain in one or more body sites in the past 6 months.
Depression. The patient health questionnaire-9 (PHQ-9; Kroenke et al., 2001 ) was administered to assess past 2-week depressive symptom severity (a = 0.90). Responses to PHQ-9 items were summed. For the analysis, we formed a binary variable that indicated presence of major depressive disorder (PHQ-9 score > 9) versus no depression (PHQ-9 score ≤ 9).
Statistical Analysis
Prior to analysis, all continuous and categorical measures were evaluated for their distributional characteristics. Latent class analysis (LCA) was conducted to identify nonoverlapping alcohol OD subgroups (Lanza et al., 2007) based on the observed covariance patterns of substances used concomitantly with alcohol during the most recent alcohol OD. LCA models were analyzed for 2 to 6 classes. We selected the number of classes by examining fit statistics, class size, and model interpretability (Celeux and Soromenho, 1996; Lanza et al., 2007) . The bootstrap likelihood ratio test (BLRT) (Dziak and Lanza, 2016 ; LCA Bootstrap SAS Macro (version 4.0), 2016; Nylund et al., 2007) was utilized to test whether successively adding 1 more class resulted in a better fitting model. After model selection, item response probabilities were examined in each class to assign labels representing alcohol OD classes and the prevalence of each class was summarized. All analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC) and the LCA procedure (Lanza et al., 2015 ; PROC LCA (version 1.3.2), 2015).
After selecting the number of alcohol OD classes, we described the distribution of the aforementioned covariates with class using participants' most likely class assignment. We then performed latent class regression to identify correlates of experiencing each alcohol OD type (Lanza et al., 2007) , which models the alcohol OD classes as latent categorical outcomes using multinomial logistic regression (1 class was set as a referent group). We examined bivariate correlates of class with age (modeled as a continuous variable), selfidentified gender (male or female), race (black or other), comorbidities (self-reported diagnosis of chronic pain and major depressive disorder at the time of the survey measured by the PHQ-9), and OD outcomes (calling 911 or going to the ER and being hospitalized). We also assessed whether the associations of class with OD outcomes remained after adjustment for age and sex. In sensitivity analyses, we examined multivariable models additionally adjusted for race.
RESULTS
Descriptive Results
In total, 660 of 739 participants reported one or more lifetime alcohol ODs (89.3%). Participants described their most recent alcohol-related OD event as blacking out (50%), passing out (54%), and/or alcohol poisoning (11%; Table 1 ). Nearly three-quarters (n = 448; 74%) of participants who experienced an alcohol OD were male. Most participants were white (n = 465; n = 74%). The median age was 36 years (interquartile range (IQR): 28 to 46 years). Approximately 20.5% of participants reported only using alcohol during their last alcohol OD (Fig. 1) . Marijuana was the most commonly used drug during the most recent alcohol OD, with 43.2% of participants reporting marijuana involvement. Approximately one-quarter used sedatives (27.9%), cocaine or crack (25.9%), or prescription opioids (26.1%), whereas heroin (20%), stimulants (17.7%), and energy drinks (17.6%) were less common. Other drugs were reported by 10% or fewer of participants.
Most (81%) of the participants reported chronic pain and 45% were depressed (PHQ-9 score > 9) at the time of the survey. Hospitalization during the most recent alcohol OD was rare (7% of participants), and calling 911 or going to the ER occurred after 13% of alcohol OD events.
Latent Class Analysis
Fit indices identified different optimal numbers of latent classes ( Table 2 ). The Bayesian information criteria (BIC) were optimized with a 3-class model, whereas BLRT was optimized using a 4-class model. Entropy and Akaike Information criteria (AIC) were maximized using a 6-class model. We therefore compared the interpretability of the 3-and 4class models. The 3-class model had 1 class with approximately 33% of participants. The 4-class model split these participants into 2 classes, 1 of which contained only 3% of participants. As this was too small a class to examine in further analysis, we chose the 3-class model.
Most participants (61%) were assigned to a class with no/low drug involvement for their most recent alcohol OD. In this class, the median number of drugs used in addition to alcohol was 1 (IQR = 0 to 1). The most commonly reported substance involved was marijuana (31% of participants; Fig. 2 ). The next largest class (33% of participants) was a moderate drug involvement class. In this class, the median number of drugs used in addition to alcohol was 3 (IQR = 2 to 4). The most common drugs used with alcohol were marijuana (57%), prescription sedatives (53%), and prescription opioids (47%). Approximately 6% of participants were assigned to a high drug involvement alcohol OD class. In this class, the median number of drugs used in addition to alcohol was 7 (IQR = 6 to 8); the most common drugs used with alcohol were prescription opioids (99%), cocaine (96%), marijuana (92%), and prescription sedatives (91%).
Bivariate Associations
Participants who were female, younger, nonblack race, and experiencing significant depression during the time of the survey were more likely to be assigned to the moderate or high drug involvement classes than the no/low drug involvement alcohol OD class (Table 3) . Participants who were hospitalized after their most recent alcohol OD were more likely to have a high drug involvement OD than a no/low drug involvement during their last alcohol OD. The association between emergency medical involvement and alcohol OD reached our threshold for inclusion in multivariable analysis (p = 0.06).
Multivariable Analysis
Multivariable multinomial logistic regression models were used to assess whether the associations of OD outcomes (emergency medical attention and hospitalization) remained after adjustment for 2 demographic factors that were also strongly associated with class status: age and sex (Table 4) . Participants who received emergency medical attention were 2.2-fold more likely to be in the high drug involvement class (95% CI: 1.1 to 4.5) and were less likely to be in the moderate drug involvement class (aOR: 0.39, 95% CI: 0.16 to 0.96) Participants were asked to "choose all that apply." than those who did not receive emergency services after adjustment. Hospitalized participants were 6.4-fold more likely (95% CI: 2.4 to 16.6) to be in the high drug involvement class and 2.9-fold more likely (95% CI: 1.19 to 7.20) to be in the moderate drug involvement class than nonhospitalized participants after adjustment for age and sex.
We also re-assessed the association of depression with class after adjustment for age and sex. Participants experiencing depression at the time of the survey were 2.8-fold more likely (95% CI: 1.8 to 4.3) to be in the moderate drug involvement class and 7.0-fold more likely (95% CI: 3.2 to 14.9) to be in the high drug involvement class than participants without depression after adjustment for age and sex.
While race was significantly associated with class in bivariate models, models adjusted for race, age, and gender simultaneously did not converge, likely because of the strong and imprecise inverse associations of race with the moderate and high drug involvement classes and because the sample included few African American women (n = 24). These models did converge with the introduction of a strong Bayesian prior (Lanza et al., 2015) for the regression coefficient estimates, and we observed little change in the results for the associations of emergency medical attention, hospitalization, and depression with class (data not shown). Similarly, the estimates remained similar after adjustment for age and race alone (without adjustment for gender), which did not require a stabilizing prior.
DISCUSSION
This is the first study to describe classes of alcohol OD based on concomitant drug use in a residential treatment sample. Nine of 10 patients reported experiencing one or more alcohol ODs in their lifetime. Strikingly, only 20% of self-reported alcohol ODs resulted from alcohol use alone. We found identifiable patterns in alcohol ODs based on the number/types of drugs combined with alcohol. Our analysis revealed 3 classes: (i) an alcohol OD class with low or no drug involvement, (ii) a moderate drug involvement class, and (iii) a high drug involvement class. The no/low drug involvement class was the largest (61% of the sample) and was characterized by ODs attributed to alcohol use alone or alcohol and marijuana co-use. The moderate drug involvement class (33% of the sample) included ODs that frequently involved marijuana, prescription opioids, street opioids, and/ or sedatives. The high drug involvement class was the smallest class (6% of the sample), and included the highest probabilities of combining alcohol across multiple drug types. The majority of ODs in this class (>90%) involved some combination of marijuana, cocaine, prescription sedatives, and/or prescription opioids. Membership in the high drug involvement class was strongly associated with increased odds of receiving emergency medical attention and hospital admission. Membership in the moderate drug involvement class was associated with increased likelihood of hospitalization but decreased likelihood of receiving emergency medical attention. Clearly, "alcohol ODs" that involved other drugs, particularly central nervous system depressants, were associated with more severe OD outcomes that required medical attention. These The number and percent in each cell reflect those within each class of drug involvement that have the given characteristic. b
Summarized as median (IQR). No/Low drug involvement class is reference class. findings are consistent with research indicating that alcohol is involved in 1 in 5 OD deaths from opioid-based pain relievers and benzodiazepines in the United States (Jones et al., 2014) and research showing that drug involvement increases the likelihood of inpatient admission for acute alcohol-related ED visits by more than 2-fold (White et al., 2018) . The finding that hospitalized individuals were more likely to be in the moderate drug involvement class, yet individuals who received emergency medical attention were less likely to be in the moderate drug involvement class, is counter-intuitive. This may reflect measurement error resultant from assessments requiring participants to select all OD outcomes from a list. Though patients could select more than 1 outcome (e.g., went to ED and admitted to hospital), they may have only selected the final or more serious outcome (i.e., hospital admission). In addition, adding covariates to latent class models can influence the formation of classes (Vermunt, 2010) . In our analysis, adding emergency medical attention shifted some individuals from the moderate to low drug involvement alcohol OD class, whereas models with hospitalization and depression were less impacted by the addition of covariates. Thus, the change in formation of latent classes may account for some of the discrepant findings we report and should be verified in future work. Current depression was associated with both moderate drug involvement and high drug involvement in alcohol ODs. The elevated odds of depression in these classes raises the question of whether some ODs in these classes were suicide attempts. In these cases, increased likelihood of hospital admission could also reflect psychiatric hospital admission. We did not assess this variable, but cannot rule out the possibility. Future research on alcohol OD events could extend these findings by assessing the role of suicidal ideation and intent and by using longitudinal data to characterize the bidirectional relationships between depression and alcohol use.
Future research should clarify how individuals classify and understand their own alcohol ODs. All participants in this study reported alcohol ODs and drug ODs separately in the larger assessment battery. All alcohol and drug OD events were cross-checked to ensure they did not represent the same event. Thus, participants classified many OD events as alcohol ODs even though they involved other drug use. At this time, it is unclear what would lead a person to classify a polysubstance OD as an "alcohol OD" relative to a "drug OD." Future research could evaluate whether this is related to the quantity of the drugs or alcohol consumed, the relative timing of drug ingestion, or which drug the individual uses more frequently. Likewise, when drug ODs are studied, asking about alcohol use and alcohol OD is recommended, as our results suggest people may view alcohol and drug ODs in different categories. For the purposes of this analysis, we assessed the most recent alcohol OD. Other studies may broaden this timeframe to capture several OD events per individual to characterize the full spectrum of alcohol ODs experienced by an individual.
Limitations and Future Directions
Limitations of this study include the use of a cross-sectional sample recruited from a single treatment facility. A large multisite or nationally representative sample is needed to establish the larger epidemiological trends in alcohol ODs and outcomes. The sample was predominantly white race, limiting our analysis of the impact of race/ethnicity on outcomes. We used a novel measure of alcohol OD as there is no validated assessment available in the literature. Depression and chronic pain were assessed at the time of study enrollment. Therefore, these comorbidities should be interpreted with caution and, at most, as correlates that may serve as proxies for depression and chronic pain at the time of the OD event. We did not have data on healthcare coverage and thus were unable to adjust for the impact this could have had on access to prescription medications and OD outcomes.
When studying alcohol OD, a broad definition such as the one used in this study may be useful for assessing ODs across the range of severity. In our study, we defined alcohol OD to include "blacking out" and "passing out." This is a rather inclusive definition of an "OD," yet still revealed a number of high risk events, some serious enough to result in hospital admission. Careful definition, whether asking about alcohol or drug OD, is important. We recommend clinicians and researchers consider asking about times individuals "passed out" or "blacked out" due to drug or alcohol use, not just times they "nodded out" or "lost consciousness." Without thorough inquiry, it is possible OD events of varying levels of severity will be overlooked.
This study suggests that ongoing OD prevention efforts and surveillance activities should focus not just on opioid and drug use, but incorporate alcohol use as well. Clinicians could provide messages about the role of alcohol use in OD when distributing naloxone or dispensing opioid-based pain relievers and sedatives. Likewise, outpatient addiction clinics and residential treatment facilities are in an ideal position to provide clinical interventions and messaging about alcohol's contribution to OD risk as well. Such efforts, and others, could hopefully curtail the national rise in alcohol-related ODs observed nationally (Castle et al., 2016; White et al., 2018) , thereby saving lives and preventing costly emergency department visits and hospital admissions. positions of the National Institutes of Health. The funding agency did not have direct involvement in the study design; collection, analysis, or interpretation of data; writing of the paper; or in the decision to submit this paper for publication. During her work on this project, Dr. Fernandez was supported by a K23 award from NIAAA (K23AA023869), and Dr. Gicquelais was supported by National Institute of Allergy and Infectious Diseases HIV Epidemiology and Prevention Sciences Training Program at Johns Hopkins Bloomberg School of Public Health (2T32AI102623-06).
